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(54) VERTICAL MAGNETIC RECORDING AND REPRODUCING SYSTEM AND MAGNETIC 

RECORDING AND REPRODUCING DEVICE ADOPTING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain excellent SN ratio and a large normalized line density by 
using (1, 7) RLL encoded system and positive coefficient PRML method as a recording and 
reproducing system in a vertical magnetic recording using an MR head for a double layer 
medium for perpendicular recording and for reproducing. 

SOLUTION: {ak'} is a binary input data system of '1' and '0' inputted at each bit interval Tb, {bk} 
is (1, 7) RLL or 8/9 encoding system, and {ck} is a precoder output system. In the case of (1, 7) 
RLL code, the precoder is inserted for NRZI-recording, and there is a relation of Ck=bk+Ck-1 
(mod 2) between {bk} and {ck}. When an estimate value of the precoder output system {ck} is 
assumed to be {ck}, the output system {bk} of a post coder by an inverse- precoding operation 
has a relation of bk=ck+ck-1 (mod 2) for (1, 7) RLL code. 
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n-en (i, d rlltshi-i^i-spr (i, 2, 

1) ML, PR (1, 2, 2, 1) ML, PR (1, 
3, 3, 1) ML, PR (1, 2, 3, 2, 1) ML* 
5£<Z>«-&Sr. A, ♦ PP«\ Wftl8/9 

^(^t^PR4ML, EPR4ML, E 2 PR4M 
L, ME 2 PR4ML^I^4r$LTl^o 
[0 0 4 7] Bl9^afcn5 ±51-, 8/9j?foa-& 

SNR G ^ 1 0 1og 10 (d min ) 

SNJ±w*iJ*# (SNR C ) (i-tcotBBi<7?»W-J:o-C* 
-ft-TS»-&^fcSo U^bft^^^ SNJtOfiJ» (SN ■ 
R c ) S:ffl^t*PRML*a<7)!|$ttSrd3*3j;*Mt 
5wir3&5-eft^ 0 #PRML^tC^ott^ SNik<7)%\m 

(SNR C ) 12, $5t#i5)tl5 (d nin ) 2 £5£ (1 
5) i^^A-T^r iKi 9*££ 0 

[0 0 5 0] ^5i:#PRML^St:^t§ 



KJfc^T (1, 7) RLL??^i^^t'y hg&!9^ 
(BER) «tt^ftffi*o-CV^4. PR (1, 2, 

2, 1) ML t PR (1, 3, 3, 1) ML*Sli, f£ 
I3TIBJ— <0*A<0t*y MS9*»ttS:*UTV^5« 3cv^ 
T\ PR (1, 2, 1) ML<tPR (1, 3, 1)M 
L, PR (1, 1) ML, ME 2 P R 4 M L , E 2 PR4 
ML, EPR4ML, PR4ML*S^It^ot^ 

So 

[0 0 4 8] *fcl3 9 tm&lzm 1 0t-*3V^Tt, 
(1, 7) RLLfff«)|^(O^H»5* (BER) 

(1, 2, 3, 2, 1) MLJj#,\*Mci>&inX\t*ZZk 

ris#a>ofco #^t% pr (1, 2, 2, 1) ml, p 

R (1, 3, 3, 1) ML, PR (1, 2, 1) ML, 
ME 2 P R 4 M L , E 2 P R 4 M L , EPR4ML, PR 
4ML*S<75«Bir*o-CV^ao 

[0 04 9] V^i*iXOPRML**t>T>r<75|IBD*365EI 

» (snr g ) ttiEtaWlw, f^irtK^SA^ai^S 

[d B] (15) 

(d oin ) 2, ftlffift (acs«) , fS-a-u-<^«S:* 

ffl**¥W-C#4ttffiffi«£!PRML (FS (Folding 
State) -PRML) *S^PR (1, 2, 2, l) M 
L (h PR (1, 3, 3, 1) ML^sGKitJHbfcF S- 
PR (1, 2, 2, 1)ML£FS-PR ( 1 , 3 , 

3, 1) M L Jj^KDWrS h {%-&X^-t 0 
[0 0 5 1 ] 

[*5] 
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(dn.) 2 


(ACS&) 




PR (1, DML 


2 


2 (2) 


3 


PR (1,2, 1)ML 


6 


4 (2) 


4 


PR(1,3,1)ML 


1 1 


4 (2) 


4 


PR (1,2, 2, 1)ML 


1 0 


6 (4) 


7 


PR(1, 3, 3, DML 


2 0 


6 (4) 


7 


PR (1,2, 3, 2, DML 


1 8 


1 0 (6) 


1 0 


PR4ML 


2 


2X2 (2X2) 


3 


EPR4ML 


4 


8 (8) 


5 


E 2 PR4ML 


6 


16 (16) 


7 


ME 2 PR4ML 


2 


16 (16) 


5 


FS-PR(1,2, 2, DML 


1 0 


3 (2) 


4 


FS-PR(1, 3, 3, DML 


1 8 


3 (2) 


4 



[0 0 5 2] (1, 7) RLLWCStSPR (1. 

2, 3, 2, 1) MLirPR (1, 2, 2, l) ML* 

Bin ) 2 ^s*:#^wi:^bSNJ*:<ofiW# (SNR C ) 
t^t^5tfnfc#ttSr*i- 0 PR (l. 3, 3, l) 

fcPRML^W9*>"eSNitC0*lJ# (SNR C ) 

PR (1, 2, 1) ML*at)fitf4«ttS:*Ut^ 
5 0 PR (1, 2, 3, 2, 1) MLlfrstSrK^fcCft 
5,3 0(0**11 8/9f?^CSt§EPR4MLM 

xvytmrn. (ac sfc) as/h-efc*^ {f^u-oM&^ 

*-efc5 0 PR (1, 2, 3, 2, 1) MLHll 8 
/9|?^t6E P R 4MLMJ: <9#cfigl& (ACS 

FS-PR (1, 2, 2, 1)ML£FS-PR (1, 

3, 3, 1) ML**£H (d Bin ) 2 ^*:-C, L^ttt 

(Acst) , «*u-</u»*«w/h-e, tr^^ffl^- 



[0 0 5 3] «5 l^Lfc (d Hin ) 2 H 7j = 7j 

opt ^^twii, 12 2, 3 (c^feixS J; 5 tc, 
fi-g-u^/u^^-TixS SNJtofiJi* (SNR 

*^ki-6o w^±9*aS^b, *»W*IS9* (BE 
R) *SM4H 0 9 (K=l. 5<DW;&) & ±1*010 

(K=2. 5C0S^) <7?«t9t-*S 0 

[0 0 5 4] *c6il E19^b»fcn*i8/9SF^tP 
R4MLK (K=l. 5, 3 = 0. 5, t? — 77 opt . 
BER-10' 4 ) t3*H-'5&P RMLJSWS NJtC0& 
§S (SNR,) "CfcSo *7M\ SlO^^Wfeixfc 
8/9??^ftPR4MLM (K=2. 5, 3=0. 
5, 77 = 77 opt . BER=10" 4 ) (C*ti"S*PRML 
*5£0SNJ*;c7)&#g (SNR,) T*fc5 0 

[0 0 5 5] 

[*6] 



(9) 
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[0 0 5 6] 



(1, 7) RLLff* 






SNRi 




SNRi 


PR(1, DML 


3.9dB 


BPR4ML 


1.5dB 


PRO.. 2, DML 


7.0dB 


B 3 PR4ML 


1.8dB 


PR (1, 3, DML 


6.9dB 


MB 2 PR4ML 


2.8dB 


PR(1,2,2, DML 


7. 7dB 






PR(1, 3, 3, DML 


7. m 






[*7] 


(1, 7) RLLW 


8/9JW 


PRML^S 


SNRi 


PRML^S 


SNRi 


PR (1,2, DML 


11. 9dB 


EPR4ML 


2.9dB 


PRd.2,2, DML 


12. 5dB 


B 2 PR4ML 


4.6dB 


PR(1, 3, 3, DML 


11. 9dB 


ME 2 PR4ML 


5.5dB 


PR(1,2,3, 2, DML 


13.8dB 







[0 0 5 7]l6W7^b, (1, 7) RLL^ld 
StSPRMLJSoJdS, 8/9»ti:Mt5PRM 
L^SiJ: <9 SNJt<DBc#aC (SNR^ ^*#V^<h^ 
57>o/c 0 zmWu (1, 7) RLLf?fOl^, 
*M»S:*iJffli-Szi:^J:9-tt^ (d min ) 

d:^ ££ 0 (l, 7) RLLfftftPR 

(1, 2, 3, 2, 1) MLMil ftfcflfftfcSNJfc 
OKifi (SNRj) , ^13. 8dBW?)Jl5Ct 

[0 0 5 8] PR4ML*ailWt5#PRML*aw 
SNit^efe#«4:a*^l»««^H««r, 8ll (K p 
= 1. 5<DW}-£) tSXVm 1 2 (K p =2. 5<D^) 

[0 0 5 9] Ell l/^ibfi, K p ^l. 5i^t/^ 
PR (1, 2, 2, 1) ML^<7>&#^**:<t 
fctK PR (1, 3, 3, 1) ML, PR 

(1, 2, 1) ML, PR (1, 3, 1) MLjj£:<nm 

[0 0 6 0] El 1 2frb\t, Ml 1 T'ttB^S 

Nit^^Sffi^^tTt P R (1, 2, 2, 1) MLK 
J:H, PR (1, 2, 3, 2, 1) MLK^J 

fc 0 5)^o/c 0 PR (1, 2, 3, 2, 1) 

ML;&5tfi, 1. 5 ^K p ^ 3(D$&m\Zh%$l%;!£(D± 

[0061] s tic, tai 1 *3<tt/ia 1 2^?3, i^-fn 



[ 0 0 6 2 ] ±imte<^ffi"Cte, PRMLM^f 
tt(l. 3, 3, 1), (1, 3, 1). (1, 2, 
3, 2, 1) *^^TiE^SE*W#-&-S:*Ufc^^- 

( 1 , p, p, 1), (1, q, 1). (1, r , s, 
r, 1) (fc«U ff»P, q, r, s HtiEOgSft) "C 

[0 0 6 3] Sfc, ±3£Lfcffi«W£#5«r, HiEIS^ 
fflIitt#4:»tl:MR^y K&fli^fc«iff««ESHw 

h ft 5 - <t liH 5 4tt)fti^o 
[0 0 6 4] 

[11] IE»H**0^n y*H-e*><5o 

[02] (1, 7) RLLfffC^t^^PRML^r 



5, 7) 



J 



im3) s/g^c^t^^PRML^r-f/^-y 

T*&3 (/3 = 0. 5, 7) = rj opt ) o 
[04] (1, 7) RLLS^l:itt5#PRMLWK 
^£ h^Tfc* (K p =l. 5, 0 = 0. 

Jj*<<? h/u-CfcS (K p =l. 5, 3=0. 5, 7? = 



(10) 



#M¥l 1-66755 



[126] (1, 7) RLLff*l:Wt5#PRMLC(l 

^ffi^)^-:^ h/WT-foS (K=2. 5, 0 = 0. 



5 , n = 7? 



f) 



[HI 7] 8/9??-§-|w>l4-r-5 : &PRML(OaSsSii.^ : f 
HA--C-S>5 (K„=2. 5, /3 = 0. 5, n = 

[138] (1, 7) RLL^ltPR (1, 2, 
1) ML*SroFHJ^Iiat'fc5. 
1139] (BER) (K„=l. 5W 



2, 



) 



[Ell 0] (B ER) *H4 (K„=2. 5 <T>M 

[Hill] 8/9ff-§-ft;PR4ML^rS; (K p =l. 5 
<£>^-£) |Cxti-^«-PRML^WSNitroe!t#att^ 

[Ull 2] 8/9^ftPR4ML*S (K„=2. 5 
<om^) 5#PRML3£*<DSNtt;wafc#Si:& 



[111 ] 



[112] 



c----PR#t* 

{c k } ! 




1KM 




o 

t/r. 

(c)B a PR4ML 



0 
t/T. 
(d)ME s PR4ML 



1 




0 

(bJMUlAlJML 




Q 

t/T* . 
(c)PR<l,3,l)ML 



[04] 



t/T t 

(d)PR0,2,2,l)ML 




(e> PR(1A3,2,1)ML 
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[05] 



[06 ] 




1Sr 



i ■ i ■ i ■ 

PR(1A1)ML 

PR(1A2,1)ML 

PR(133.1)ML 

V PR(1 A3ADML 




[17] 




(12) 
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[El 9] [B110] 




20log 10 a[dB] 

[mi 2] 




K 



(72) $£W% ftPJ ffiffl (72) K4\ 

'S^»fllj-&rti*:eE^aJ6T@ 5-7- ^yMOJt?rfr&K^g£lTg 2-2 



